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Fossil sponges lack many of the features seen in living sponges, with the consequence that
their traditional taxonomy was nearly completely reliant on preserved skeletal architectural
characteristics, producing a fossil sponge classification that had diverged considerably from
that of living sponges. Subsequent discoveries of “living fossil” sponges with hypercalcified
basal skeletons, representing some of the groups thought to be long extinct, provided a
revolutionary basis to solve some of the palaeontological enigmas and to comprehensively
revise the groups themselves. Ancient groups sphinctozoans, stromatoporoids and
chaetitids, with species in Recent seas, are now recognised as grades of construction rather
than clades of taxa. The existence of these ‘living fossil’ sponges provided an unique
opportunity to compare tissues, spicules and microstructures of the basal skeleton with well
preserved fossil material; to understand the influences of biomineralisation and diagenetic
altcrations affecting mineral composition and microstructures in fossil sponges and to infer
the systematic position of Paleozoic to Recent sponges with a calcified skeleton. Similar
conclusions were reached for the archacocyaths, with ne living representative yet recorded,

but with structural features consistent with the Phylum Porifera. More recent discoveries of
ancient sponge tissues and larvae from Precambrian phosphorites provide even more
valuable data on the early history and development of Demospongiae and Calcarea,
extending the age of the latter group considerably. O Porifera, palaeontology. hvperealcified
basal skeleton, sphinetozoans, stromatoporoids, chaetitids, arehacoeyaths. taxonomie overview.
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We know from the old litcrature that living
sponges have been known since Ancient Times,
being familiar household items in ancient Greece
and Rome. During the Middle Ages burned
sponges were reputed to have therapeutic value
in the treatment of various diseases, perhaps
anticipating their present pharmaceutical use!
Conversely, discoveries of fossil sponge-like
‘objects’ occurred much latter. These were first
figured and described as ‘mushrooms’ at the end
of the 16th century in the Moscardo collection,
according to Zittel (1883). Other scattered
examplces of sponge-like objects were published
later, but these authors did not know whether
these forms were plants or zoophytes (Fig.1). The
first valuable observations were made in the
second half of the 18th century by Guettard
(1768-1783) and several other authors at the
beginning of the 19th century. These authors
compared their fossils to Alcyonaria or horny
corals, but not torecent sponges. Goldfuss (1826)
first suggested thesc fossil forms may be related
to living horny sponges, which subsequently
mineralised into silica or calcium carbonate, and

they attributed known fossil forms to Recent
sponge genera.

With the ensuing discovery of Hexactinellida
(or Hyalosponges) from deepwater dredgings,
the cxact position of some fossils was established
(auguring the impuct of the future discovery of
‘living fossil’ hypercalcified sponges or sclero-
sponges).

D’Orbigny (1849-1850) proposed an initial
classification of fossil sponges based on external
characters. He considered that thcse fossil
sponges, the Petrospongia, a ncarly extinct
group, had a mainly calcareous ‘stony’ skeleton,
contrary to previous interpretations whereby the
horny skeleton became secondarily mineralised.
De Fromentel’s (1889) classification took into
account the interlocking pattern of fibers, the
shapc of spicules and characteristics of the canal
system, but it still kept separate the fossil group
Spongitaria, amorphozoans with ‘testacean’
skeleton, and the extant group Spongia,
anmorphozoans with hormy skeleton.

The existence of siliceous sponges in the fossil
record was confirmed by the discovery of
spicules in Jurassic and Cretaceous rocks. The
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|- Guettard (1768-1786): Animals
Alcyonaria or Horny corals

|
- Goldfuss (1826-1833):
included fossils in genera of living sponges

- d'Orbigny (1840-1854):
Petrospongia, extinct group

-~ de Fromentel (1859): Amorphozoan <:Sg22§?3%§£‘;5“3)

- Zittel (1883): Calcareous sponges Pharetrones
Siliceous sponges (spicules)
Ciass of Coelenterata

- Sollas (i884): special phylum: Parazoa,
between Protozoa and Melazoa

- Delage (1892): special phylum: Enantiozoa
separate from Metazoa

- Minchin (1900): Phylum Porifera

Paraz’{)a Enterozoa
Branch A Branch B
\ Grade B /
Metazoa
Grade A
Protozoa

L ,
I'lG. 1. Plants or zoophytes?

existence of ealeareous and siliceous fossil
sponges was reeognised in the 1870s, but at that
time specialists were unable to distinguish the
two groups because of seecondary replacement of
calcium by siliea, and viee versa, Zitlel (1885),
plonecring mieroseopie studies on sponge
struetures, desertbed the anastomosing fibers in
the skeleton of ealcareous sponges (pharetrones),
clearly differentiating them from siliecous spic-
ules of other sponges. He eoneluded from studies
on mierostruetures of fossil and recent forms that
they both belonged to the same “Class’ among
Coelenterata. By eomparison, Sollas (1884) in-
cluded them in the Phyluin Porifera, in a group
Parazoa intermediate between the Protozoa and
Metazoa, whereas Delage (1892) created a speeial
group, the Enantiozoa, separated from Metazoa.

By the end of 19th century the first act of the
‘Fossil Sponge Story’ had elosed. Minchin
{1900) established the essential features: sponges
were animals and the most primitive phylum of
the Metazoa. The main lines of elassification
were recognised: those with ealcareous spicules
or skeletons were ineluded in the elass Calcarea;
those with silieeous spieules bearing 3 axes
arranged 1o form hexaetines were included in the
elass Hexactinellida; and those with a spongin
skeleton, or a spongin skeleton and siliceous

spieules, or only with silieeous spieules lacking 3
axes were included in the elass Demospongiae.

The deseription of new genera in time and
spaee raised the problem of their systematie
position within families and orders. During
Zittel’s (1883) time there were few taxa or only
the non-identifiable remains of sponges available
on whieh to base a elassifieation. The predom-
inanee of Cainozoic and Mesozoie forms
refleeted the bias of stratigraphieal investigations
moreso than an evolutionary trend. Rapidly,
however, the number of genera inercased as
monographs were published throughout the
world. De Laubenfels (1955) noted that more
than 1,000 genera have been established for fossil
sponges.

Sinee that time techniques in preparation and
methods of investigations had tmproved pro-
gressively such that the number of new taxa, and
the number of ‘significant eharaeters’ upon
whieh to differentiate taxa, had both signifieantly
increased. Similarly, and inevitably, there has
been disagreement amongst authors concerning
the relative importance of certain characters over
others, and different interpretations of the devel-
opment of new struetures and new forms from the
existing aneestral forms. As a consequenee, the
systematies of living and fossil sponges have
diverged substantially, developed independcntly,
and are now based on largely different eriteria.

Living sponges have a relatively large pool of
morphologieal and other biologieal charaeters
thatare potentially useful for classifieation. Their
skeletons are made of various materials ranging
from organie spongin to mineralised spicules or
aspicular elements. In addition to skeletal
charaeteristies, they are also elassified on the
basis of their biologieal aetivity, biochemistry,
methods of reproduction, and several otheruseful
eharacters related to their soft parts and eellular
constituency. The fossilisation potential of
sponges is also very variable. With some rare
exeeptions, sponges with isolated spieules are
fossilised only as scattered skeletal elements,
aceounting for the numerous gaps in the fossil
reeord. Afier death spicules are usually dispersed
amongst the sediments and sometimes dissolved
in the scawater, but in some eases rapid sedi-
mentation has buried or winnowed sponges in
favourable environments (such as in back reef
lagoons and voleanie produets), with a few
fossils much better preserved. Moreover, the
diagnostic value of isolated spieules may be poor
given that many of the major spicule types are
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Misghova, 1979, madilied.

SPUINCTOZOANS  buceletia erypta, and 1ty
possibly intraspecitic colonial formv (Vacelet ey
W, 1992), were discovered in cryphic habitals.
Both presented a series of suceessive hemispher-
ical chambers, reminiscent of the Sphinctozoa,
and at that time they were included as one nf the
two orders of Pharctranida. Far palacontologists,
Pharetromida (simple Inozoa and segmented
Sphinciozea) belong to the Calearea. However,
the histology, cytology and seaual reproduction
ol aceleria are similar to those of the Cerac-
linomorpha in the class Desmospongiac,
Consequently, the systematic position of sphincio-
7oan sponges 1s questionable and must be
re-eviduated.

The lack of spicules in Jaceleria could explan
the absence of spicules in some fossil sphincto-
soan torms. Vicelet (1979, 1985), Pickent (1982)

. Archacatha mi the orpanic world, aftee 1.1, Zburavleva & E.).

and Picket & Jell (1983) placed
most of the Sphinctozoa
(including thase lacking spicules)
into Demospongiae, whereas
segmented sponges with caleite
spicules were retained in
Calaspongea (Calearea). For 1.
& G. Termuer (Termier & Termier,
1975, 1977) all Pharetronida
(Sphinctozoa and Inozoa)
belonged to a primitive group
Ischyrospongia, originating Trom
stromatoporoid-chactetid stock.
and with archacocyaths as a close
group ol ancestors stemming from
the Cambrian. This proposal has
been heavily crticised by many
S workers due to the highly
polyphyletic nature of this

dhedmom

n)m igtenceliulnr
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wpanic Selar
dstem collection of (vssils.
It s now admitted that the
chambered calcareous skeleton
iS¢0 0 sphinclozoans is a con-
vergent feature, having urisen
many times within the clusses
[ﬂmﬂ] Demospongiae and Calearea.
perior fngi Lvidence indicated that sponges

were able ta produce these sarts of
skeleton with relatively case
(Vacelet, 1985, Wood, 1987,
1990), and that the concept of
Sphinctozoa was artificial, a grade
of construction, and not a sys-
tematic clade. This grade of
organisation can also be found in
archacocyaths (Debrenne &
Wood, 1990).

Sphinctozoa has been included in Calearea
since Steinman (1882); the problem was only to
move them within the classes of Porifera; but il
was 1ot casy to admit for some time that mosl
sphinctozoans were Demospongiae, as indicated
by more reliable taxonomic criteria concerning
the soll tissue and spicole form.

irfenior g

STROMATOPOROIDS AND CHAETETIDS.
It was even maore diltficult to assess the affimtics
ol these groups, whose systematic positions have
long been disputed. Palacontologists had
Umemlly accepled that Stmmatopmmded and
Chaectetida had altinities (o Jlydrozoa. This
position required reassessment, however, with
the discovery of deanthochaeteres by Hartman &
Goreau (1975), with this new genus assigned to a
Mesazoie chaetetid. As a consequence,
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Palcozoic and Mesozoic chaetetids
were considered to have Poriferan
affinities due to their similarity with
these ‘living fossils’. Like
sphinctozoans, the stromatoporoids
and chaectetids were polyphyletic and
represented grades of organisation
rather than systematic clades. These
grades arc also known in the
archaeocyaths (Table 1).

‘LIVING FOSSILS’. New discover-
ies in the Mesozoic and the Paleozoic
fossil record since the 1970s, by
researchers such as Cuif, Dieci and
their teams, Wendt, Kazmierczak, H.
& G. Termier and others, dram-
atically increased the number of
forms assigned to ‘sclerosponges’.
These discoveries provided a larger
diversity of taxa to further compare
with the few known Recent species,
but they also led to many different
hypotheses on their affinities and
systematics, sometimes leading to
further confusion.

TABLE 1. List of the various proposal of affinity for Stromatoporoids,

after R.A. Wood, 1987, modified.

Mori 1976,1984

Goldfuss 1826
De Blainville 1833
Lonsdale 1840

Steininger 1834
D’Orbigny 1850
Eichwald 1860

Romer 1843 Von Rosen 1869

Von Keyserling 1843 Salter 1873

Hall 1847 Nicholson 1873

MecCoy 1851 Sollas 1877

Billings 1862 Nichelson & Murie 1878

Lindstrom 1880 Solomko 1886
Kirkpatrick 1912 (Aug)
Heinrich 1912
Twitchell 1929
Hartman & Goreau
1970,1972

Steam 1972,1973
Wendt 1975,1979,1984
Hartman 1979

Stock 1984

Linstrom 1873

Carter 1877,1880

Zittel 1877

Steinmann 1878
Champernowne 1879
Bargatsky 1880
Nicholson 1886

Yabe & Sugiyama 1920,

Kazmuerczak 1976, 1983

Roemer 1851 ﬂ‘

Sandberger & Sandberger |
1850

Roemer 1856
Nestor 1981

1935
The discovery of ‘living fossils’®

certainly settled some enigmas, but it
also led to the recognition that the
existing taxonomy and phylogenetic
grouping within Porifera required
substantial revision. Vacelet (1985)
showed that living sclerosponges
were a collection of assorted demo-
sponges, which can be distributed
easily within pre-existing orders and
families, and that the class Sclero-

Hickson 1934
| Parks 1935

Dawson 1875, 1879
Lindstrém 1870
Kirkpatrick 1912 (Sept) :

i f
| Billings 1857 | Hyatt 1865

spongiae was polyphyletic and
unnecessary. He also found that many
hypercalcified forms had closely related
non-calcified equivalents. As a result, he invited
palacontologists to apply and test his
phylogenetic proposals to the fossil record.

Because they lack many of the characteristics
seen in living species, fossil forms are difficult to
compare directly to living taxa, and thus it is
difficult to test all of Vacelet’s (1985) criteria. 1)
The presence of siliceous spicules in hyper-
calcified skeletons is still a matter of debate, as
the structures observed in fossil forms are moulds
which could be interpreted equally as well as
either cavities or calcareous modified spicules
(argument used by Rigby & Webby, 1985 to
maintain the Sphinctozoa in the Calcarea). 2)
Minute details of macroscleres, such as small

ornamentations important for differentiating
living taxa, are rarely observed in fossils. 3)
Similarly, the large diversity of spicules
(including microscleres) so common in living
species is generally unknown in the fossil record.
4) The possession of a hypercalcified skeleton
remains the principal source of information for
palacontologists to assess relatedness, whereas
gross morphological characters cannot be used,
given the high probability of architectural
convergences. 5) As a consequence of these
problems, palacontologists have devised other
ways to investigate affinities, such as growth
pattern, type of skeletal microstructures,
mineralogy, biochemistry of intraskeletal organic
material (Gautret, 1989). 6) The systematic
importance of the microstructure of hypercalcified
skeletons has also been disputed. Wendt (1979)
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FIG. 6. Possible relationships of fossils and Recent sponges, after R.A. Wood, 1989, modified.

‘THE PAST’. Fossil sponges might contribute to
a better understanding of the history of the
phylum, using palaeontological data to trace
Recent families far back in time (Fig. 5). With the
progress made in investigations into the terminal
Precambrian and Lower Cambrian rocks (thanks
to the successive international programs of TUGS
since 1972), we can now trace the oldest preserv-
ed fossils (Fig. 6).

Only rare occurrences of hexactins have been
found in pre-trilobitic sequences, in the
Tommotian of Siberia and Meishucunian of
South China. Genuine demosponge spicules arc
present in the upper Atdabanian as tetractines,
with various additional elements in a much
higher diversity than previously recognised, and
some calcareous spicules are known from
Australia (Bengtson et al., 1990). Calcified
skeletons of archacocyaths are present since the
Tommotian. A cryptic pharetronid, Gravesfockia
pharetronensis Reitner, 1992, anchored on the
inner wall of an archaeocyath cup and partially
overgrown by its secondary skeleton, occurs in
Atdabanian of Australia.

The discovery of Lower Cambrian soft fauna at
Chengjian in Yunnan (Zhang & Hou, 1985) and at
Shansha in Hunan (Steiner et al., 1993),
containing completely prescrved sponges,
provide important indications on the origin and
ecology of the first sponges. After arthropods,
sponges represent the most diverse metazoan
group in the Chengjiang fauna, with at least 11
genera and 20 species of hexactinellids (Chen &
Erdtmann, 1991; Rigby & Hou, 1995). Those
described previously as demosponges are also
now considered to be hexactinellids (Reitner &
Mehl, 1995). The soft bodied Chengjiang
sponges, embedded in mudstone layers of a
low-energy environment, displayed different
architectures and they represent a sessile,
suspension-feeding epifauna.

Precambrian remains were under discussion
for a long time. Of the many reported spicules
from proterozoic sediments most have proven to
be volcanic shards, or other inorganic crystals.
apart from some indubitable spicules from the
Upper Precambrian of China. Until recently the
oldest sponges known were late Ediacarian



I8 MEMOIRS OF THE QUEENSLAND MUSEUM
VA g Q Ly 2 lfossil recgrd. NO\\;’SUCh é’ossi}s
s Ao 2 1ave een oun n
iR \\‘% % Doushantuo phosphorites
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N // Ediacara constant size of fossils,
%,. m{/{/‘/@ Doushantuo irrespective the number of
) Bitter Spring compartments thgy have
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2 ¥ % == stage: polyhedral blasto-
N Glaciations / meres) Tits a pattern of
1500 | & / : developing early embryos
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L W Broendland Labrador | 1€S€ a8 sponges: the needle
Zimbabws shaped spicules in Doushan-
4000 - _, luo sediments are regularly
g arranged in distinct bodies
a built up of cell-like objecls,
4500 — T ow some of which adhere to the
spicule, much the same way as
sclerocytes do in Living
sponges. Preserved solt tis-

10, 7. Biotic and abiotic events since the Earth formation; position of the
first fossi) assembluges (Doushantuo & Ediacara) containing sponge

Femslins.

hexactinethds, Paleophiragmodictva (Gehling &
Rigby, 1996), characterised by disc shape
tmpressions preserving characteristic spicular
network, This sponge is slightly older (565my)
than the *Cambrian cxplosion® (545my), when
practically alt the principal animal phyla
appeared over a period of a few tens of million of
years in the torm of skelctised bodies. More
recent discoveries in Weng’an, China, of spec-
tacularly preserved embryos and tissues in rocks
that are about 570my old. provide new data for
the early ammal evolution and particularly for
sponges.

Since llaeckel (1877) it was thought that
sponge ancestors might have been microscopic,
soft bodied, and therefore not preserved in the

sues found in the Doushantuo
maltcrial include sclerocytes,
porocytes, amocboeytes: the
most abundant fossilised
embryos were at the blasiula
stage of development; three specimens were
identified as parenchymella larvae with
preserved {lagelta (demosponges): and the
pulative prescnce of one amphiblastula suggests
that the calcareous sponges may extend into the
Precambrian.

THE FUTURE OF THE PAST. This is a smalt
precis of what can be said about fossil sponges,
their connections to Recent ones, and of the
interactions between the lwo domains. Other
topics ure now promising: the history of reet-
building, the evolution of their communities, the
influence of nutrients and predators (Wood,
1993: 1995), and the importance of the cryptos
sinee the Cambrian (Wood & Zhuraviey, 1993).
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Advances in molecular biology, sequencing
and gene cloning applied to well-chosen Recent
sponges is a promising new path for research.
The ability to apply these techniques to some
fossil material has alrcady been demonstrated,
although the highly degraded nature of ‘fossil
DNA’ makes the choice of the matcrial critical,
and carcful attention must be paid when in-
terpreting group rclationships. As in the past, in
the future there is hope of discovering new and
exciting fossil material. We are only at the
beginning of investigations into the Precambrian
phosphorites, in which were found the ex-
ceptional record of early multiccllular life.
Precambrian phosphorites containing soft cell-
ular tissue and embryos preserved in calcium
phosphate, equivalent of Doushantuo Formation,
are known throughout the world. it is hoped that
their continued investigation will offer endless
resources for a new comprehension of primitive
evolution of animal life. Are palacoembryology
and palacohistology the future of Palacontology?
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